word count: 249 ABSTRACT The role of nigrostriatal dopaminergic neurons degeneration is well established in the pathophysiology of Parkinson's disease. However, it is unclear if and how the degeneration of the dopamine pathways affects the manifestation of the neuropsychiatric symptoms (NPS) of Parkinson's disease (PD). Dopamine transporter (DAT) imaging, a technique to measure the reduction in the dopamine transporters is increasingly used as a tool in the diagnosis of PD. In this study, we examine if the baseline dopamine transporter density in the striatum measured by striatal binding ratio (SBR) is associated with the longitudinal onset and/or progression of NPS in PD as measured by the part 1 of Movement Disorder Society -Unified Parkinson's Disease Rating Scale, over four years. Data of patients with PD and an abnormal screening present on 123I-ioflupane single-proton emission computed tomography were obtained from Parkinson's Progression Markers Initiative (PPMI) database. Latent Growth Modeling (LGM), a statistical technique that can model the change over time while considering the variability in rate of change at the individual level was used to examine the progression of NPS over time. The results
INTRODUCTION
Parkinson's Disease (PD) is typically characterized by motor symptoms, however neuropsychiatric symptoms (NPS) are not uncommon in individuals with PD. NPS have significant impact on individuals' quality of life and caregiver burden (1) . Commonly observed NPS in PD are-depression, anxiety, apathy, hallucinations, cognitive impairments etc. These symptoms are present in up to 40% of individuals diagnosed with PD (2) and are integral part of PD pathophysiology. They are seen early in the course of illness, even before the onset of motor symptoms of PD (3) . Presence of NPS has shown to predict future deterioration of cognitive and the motor symptoms (4, 5) .
Neurodegenerative changes involving dopaminergic system are directly responsible for motor symptoms in PD (6) . Visualization of striatal dopamine transporters (DAT) has been extensively studied as potential evaluation tool in PD; to establish nigrostriatal dopaminergic degeneration in patients displaying motor signs and symptoms of parkinsonism (7) . The role of dopaminergic system in NPS in PD is not well understood. Previous studies have shown that alterations in striatal uptake of the DAT may have association with NPS (8) (9) (10) (11) , however the results are mixed in this context (11) (12) (13) . Most of these studies have examined the correlation between NPS and DAT imaging, cross-sectionally. In this study, we aimed to investigate the impact of dopamine striatal binding on the longitudinal course of NPS in PD over four years. We hypothesized that NPS gradually worsen during the course of PD and dopaminergic depletion as measured by DAT scan play an important role in their onset and progression.
METHODS

Study population
Data used for analysis in this study were obtained from the PPMI database (for up-to-date prospective study designed to discover and validate biomarkers of disease progression in newly diagnosed PD participants (National Clinical Trials identifier NCT01141023). Each PPMI recruitment site received approval from an institutional review board or ethics committee on human experimentation before study initiation. Written informed consent for research was obtained from all individuals participating in the study. Inclusion criteria for the PPMI consisted A major advantage is that LGM can handle missing data, as it uses data from all participants, not only from those who have completed all four years of assessments, and as such provides less biased information on prediction results (16) .
Following guidelines for longitudinal assessment (Little 2013), model fit was evaluated based on comparative fit index (CFI), and the root mean square error of approximation (RMSEA).
Acceptable fit to the data was indicated by CFI values ≥ 0.90 and RMSEA values ≤ 0.08. (17, 18) . Table 1 Age is known to have its independent effect on several neuropsychiatric symptoms included in analysis here including cognition, depression, anxiety etc. (19) . In model 3, as shown in figure 3, we used age as an additional predictor of NPS' intercept and slope. In this patient population with mean age of 61.6 years, age was not a significant predictor of baseline NPS score (p=0.83) or rate of change of NPS (p=0.05). Mean striatal SBR significantly predicted slope (p<0.001) even after eliminating age related variance from NPS scores. Non-significant association of SBR with intercept of NPS is not a novel finding. Several previous studies have reported similar results (11, 12, 20) where NPS in untreated PD patients were not significantly associated with DAT scan results. However, most salient finding of our analysis is that the SBR at baseline significantly predict the future trajectory of NPS over 4-year period. Significant and negative association between SBR and NPS indicates that lower striatal DA availability leads to greater trajectory of NPS. Given that age is known to have its independent effect on several neuropsychiatric symptoms, age as additional predictor for NPS' intercept and slope did not change the results.
RESULTS
Demographic and participants characteristics are shown in
DISCUSSION
Although there are multiple studies in the literature that examine Parkinson's patients using DAT on cognitive outcomes, our literature search did not find any studies specifically examining NPS in patients with Parkinson's disease using FDA approved DAT scans that were longitudinal in design and included a large number of patients. However, related studies have been done in an attempt to examine the predictive power of prognostic scans in patients with PD. The results showed significant correlation between baseline striatal binding and both motor and psychiatric symptoms after 5 or 6 years. Low baseline striatal binding correlated with a higher likelihood of motor, depressive, and psychotic symptoms, and cognitive impairment (21) . However, this was the initial exploratory study and will require future replications to confirm these finding; as the authors suggested that the results should be "treated as hypothesis generating and require confirmation". Another smaller retrospective study that consecutively reviewed PD patients who underwent both brain magnetic resonance imaging (MRI) and 18 F-radiolabeled N-(3fluoropropyl)-2β-carboxymethoxy-3β-(4-iodophenyl) nortropane ( 18 F-FP-CIT) positron emission tomography (PET) to examine the relationship between dopamine depletion and "nonmotor symptoms" in patients with PD failed to find an association between striatal dopamine depletion and "non-motor" symptoms of PD such as depression, anxiety, fatigue, sleep quality, global cognition, and frontal executive function (23) . Unlike our study, which utilized DaTscan SPECT imaging technology, the Park et al. study evaluated striatal dopamine depletion through DAT imaging with PET 18 F-FP-CIT, which allowed them to assess striatal dopamine in 12 subregions. Forty-one patients with PD were included in the analysis to determine whether there was a correlation between striatal dopamine depletion and non-motor symptoms. The study did not find correlation between striatal dopamine depletion and non-motor symptoms. It should be noted that the Park et al. study included patients who were taking dopaminergic medications at the time of the study, and the researchers reported that they "could not exclude a possibility of the effect of dopaminergic medication on various non-motor symptoms evaluated in the current study" (23) . It should also be noted the Park et al. study was probably underpowered to detect differences even if they existed considering the sample size was only 41 patients and the study utilized multiple analysis across 12 striatal sub-regions.
Perhaps combining imaging biomarkers with clinical symptoms could enhance our predictive ability of the course of these symptoms and the trajectory of neuropsychiatric symptoms. For instance, a 2019 pilot study consisted of 262 PD patients from the PPMI database who showed no signs of cognitive impairment at baseline, had accessible [ 123 I] FP-CIT SPECT and CSF data, and completed a 36-month follow-up to assess signs of cognitive decline. The study found that when CSF Aβ42, CSF total tau, and [ 123 I]FP-CIT caudate binding) are used individually they are not as helpful, however, when combined the researchers reported that this "pilot study demonstrated that a combined evaluation of biological and neuroimaging markers enables the identification of 65% of drug-naïve PD patients that will develop CI over a 36-month follow-up." (24) .
Our study has several limitations as follows: 1) We did not look at individual neuropsychiatric disorders on this analysis thus the resulting heterogenicity may have changed the direction of association of a single disorder. However, given the role of dopamine in several of the neuropsychiatric disorders that develop during the course of PD we thought it would be helpful to establish first this relationship. This study did not examine the effects of other neurotransmitter systems on the NPS of PD and unclear how examining these systems will impact the predictability of NPS in PD by dopamine depletion alone.
3) The rating scales used in this study measured disorders but not assess any RDoC constructs (25, 26) in a cross diagnostic fashion. Future, studies may explore such associations between RDoC constructs and PD. Again, we thought it would be necessary to first examine associations with well-established diagnostic entities supported by a vast literature.
4)
There may have been confounder that were not controlled for in this non-experimental non-randomized design of the study and might have affected the results.
None the less one of the important strengths of this study is that it is the largest study in the in the literature to examine this question. In addition, the prospective longitudinal design with 8-year follow-up with 4 assessment using imaging is also a strength. Moreover, the imaging methodology used in the study has been FDA approved specifically for assisting PD diagnosis.
In conclusion, this study showed gradual worsening in NPS in patients with Parkinson's disease. This study also shows that change in SBR significantly predicted the course of NPS.
Thus, this study suggests that, in Parkinson's disease, the dopaminergic system plays an important role in NPS and its course. Mean striatal SBR also significantly predicted change in NPS symptoms (even after eliminating age related variance). Future larger studies are needed to replicate these finding and to examine separate correlation with individual psychiatric disorders as well as RDoC constructs.
Table 1. Demographic and assessment variables of participants
